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DEPTHX’s ASTEP Goals

Astrobiology Science Goal: Develop an advanced
methodology and protocol for the discrimination of life
In a sub-aqueous environment.

Planetary Exploration Goal: Develop the DEep
Phreatic THermal eXplorer (DEPTHX) vehicle, an
autonomous maneuvering platform that acts upon the
iInformation sensed and processed by the hierarchical
decision-to-collect microbiological subsystem and
“drives” the sensor suite to areas of potential interest.




Relevance to ASTEP

DEPTHX directly addresses the ASTEP Program’s need
for technology maturation, science data collection, and
operations analysis in the areas of:

Self-contained mobile science systems and platforms

Instrument suites for in situ identification and analysis
of biomarkers

Integration of science instrument suites with mobile
platforms

Autonomous instrument deployment and placement

Autonomous recognition of unexpected science
phenomena

Characterization of life-supporting environments



DEPTHX Overview

Fully Autonomous (AUV)
Bio-sampling Subsystem

DEPTHX Vehicle Heritage

3D Real-time Subterranean Imaging
SLAM navigation

Mission Executive



Microbiology Decision-to-Sample Hierarchy
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Microbiology Decision-to-Sample Hierarchy
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Microbiology Decision-to-Sample Hierarchy
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Extent of SCLBA exploration.

Zones of biomat coating.
Areas of secondary travertine deposition.

INEGI file photo

White sulfur clouds

Floating grass islands

Zacaton

./~ Photo by.Ann Kristovich, 1993




Cenote La Pilita @ 15 meter depth

PURPLE BIOFILM COATS WALLS
OF DEEPEST SINKHOLES IN
PHOTIC ZONES — H>0 is anoxic

and sulfurous.

Photos by Robin Gary, 2002

Complex
microbial
communities
have yet to be
Investigated

Apparent
colloidal sulfur

on biofilm \\

Cenote Caracol @ 10 me




Evidence of
microbial-mineral
interaction imaged

from calcite

beneath biofilm

Photo by Robin Gary




Wﬂkll"ﬂZ S Building DEPTHX:

heritage-proven technology
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Typical Mapping Missionat \
Wakulla Springs. Lead diver, with
MKS5 backpack, drives the 3D mapper.
Support diver carries extra propulsion .

units. Personnel transfer capsule , :
waits at upper left for pressurized = 2 &
recovery of dive team at -30m. > 2R




Mapping team departs

the Grand Canyon dome
while film crew members

- hover above at -80m depth.



3D View of the Entrance to Wakull
Springs. Different colors represent
separate data collection missio
total of 10,000,000 3D survey p
were acquired during the exped




To Entrance, “The Mountain”
P PTC, Salvation: -50m

2 km

A segment of the 3D
map showing the
route represented
by the time-depth
profile previously “K-Tunnel”

shown. Bypass: -92m
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Mobility Platform: Phoenix LV
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DEPTHX System Executive
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Research Plan: Year 1

Define sensor arrays, maneuvering system, mission
planning algorithms, “return home™ algorithms, on-
the-fly segment co-registration algorithms

Begin development of a Comﬁletely Integrated
simulation package that will allow the performance of
the fully-autonomous DEPTHX vehicle to be
ascertained within the framework of existing 3D
cavern datasets (mainly those from Wakulla Springs).

Astrobiology team will define the basis for
autonomous lifeform detection and the sensor suite
and real-time software that will be required to
implement it.



Research Plan: Year 2

Continue SLAM & System Executive Development

Manufacturing, Integration, and lab-testing of
DEPTHX vehicle

Field testing of SLAM and mission execution in
controlled settings (collaboration with UT Applied
Research Lab — Lake Travis, or Wakulla Springs)

Lab-testing of Life Detection and Sample Subsystem



Research Plan: Year 3

Zacaton field campaign (3-4 months on site)

Field Campaign Goals

§ Autonomous mapping of unknown territory
to -500m at 1,000m+ from entrance

§ Ability to discriminate among biological

control samples (collected prior to mission
by divers)

§ Autonomous Collection of novel lifeforms



